This study uses the Blinder-Oaxaca decomposition to investigate what are the main reasons that contribute to the changes of household electricity consumption. The household data in Taiwan over the period 1985-2015 are used. The empirical results indicate that the changes of household electricity consumption are driven by different factors across these three decades. The increase in household electricity consumption is mainly attributed to the changes in the coefficients effect of the determinants. In particular, the coefficients effect of household size plays the most important role. The declining of household size leads to electricity consumption per capita increases due to the loss of economies of scale. As for the contribution of the endowments effect, the number of air condition and household income are the most important factors. Moreover, the coefficients effect of household size is crucial both for high-income and low-income households. Therefore, the policy implication means that the electricity pricing policy should take household size into consideration so as to offer electricity-saving incentives for households with smaller family size. Besides, some strategies, such as improving energy efficiency of appliances and providing the subsidy for the investment in energy-efficient appliances, should have a higher priority.
Introduction
With economic growth and industrial development, electricity consumption has increased rapidly in many countries over the past three decades. According to and 2017, the average annual growth rate of total electricity consumption was 5.5%. In 2017, Taiwan's per capita electricity consumption was 11.2 MWh, which was higher than the world average of 3.1 MWh per capita. It ranked first in Asia and the 12th in the world. The considerable growth trend of electricity consumption is also displayed in the residential sector. From 1982 to 2017, Taiwan's residential electricity consumption has increased by 500%. The residential sector is responsible for 19% of total electricity use, which is only second to the industrial sector (50%). The continuous rise in household electricity consumption is adverse to the aims of energy conservation and environmental protection.
Since Taiwan is highly dependent on imported energy and under the risk of insufficient power supply, seeking effective strategies for reducing electricity use is an important target for policymakers. Thus, it is necessary to investigate what are the main reasons that contribute to the change of household electricity consumption.
Many studies have explored the possible factors that affect household electricity consumption. In general, household electricity consumption is associated with various factors, such as socio-demographic characteristics [1] [2] [3] [4] [5] , economic ability [6] [7] [8] [9] [10], physical characteristics of the dwelling [2] [3] [11] , residential location [5] [9] [12] , environmental and climate factors [11] [13] , the costs of energy use [7] [14] [15] , urban form [16] and lifestyle factors [17] . Understanding the characteristics of household electricity consumption and its driving factors is vital for making proper strategies related to household energy savings. Most of these studies are based on the analysis of cross-sectional household data, which has an advantage over the aggregate time series mainly since it takes account of controlling heterogeneity in the households and deal with the effects of household characteristics on electricity demand [18] .
Few studies have paid attention to the issues about household electricity consumption with the view of historical changes or intertemporal comparisons. Lacking the necessary data is the main barrier to studying household electricity consumption [1] . To compare the estimation results along the time dimension, Nesbakken [14] , Kaza [19] and Huang [9] employed the cross-sectional household data from different years in order to depict the trends in the marginal effects of various variables on household energy consumption. However, since their studies are based on a repeated cross-sectional sample but not a panel data, tracking trends in the marginal impacts or behavioural changes only capture the impacts on a specific time point. On the other hand, although the longitudinal data can be used to capture the relationship across time and forecast the future trend, it is only suitable for applying in the estimation of the relationships between aggregate variables and electricity consumption. For instance, Holtedahl and Joutz [20] examined the effects of household income, population growth, and electricity prices on residential demand for electricity. Hamdi et al. [21] explored the relationship between electricity consumption, foreign direct investment, capital and economic growth. Those studies may aim to identify the contribution of determinants or forecast future trends in household electricity consumption. But, it must be under the assumption that the relationship of dependent variable to its determinants is stable. Nevertheless, it is unlikely to satisfy this assumption, because the distributions of the determinants may change and structural changes may alter the impacts of determinants [22] .
According to previous studies, it is necessary to consider the changes in the distributions of determinants when we explore household electricity consumption along the time dimension. The first reason is that the household structure and generations had changed over time. Some studies indicated that household size has gradually decreased [9] [19] . And, energy use behavior may differ between the younger and older generations [23] . The transitions in the distribution of household characteristics may lead to the change of household electricity consumption. The second reason is that technological progress affects energy efficiency and energy structure. Consequently, household appliance ownership and usage patterns may vary across time [24] . Therefore, accounting for the possible changes in the distributions of determinants and the shifts of the determinants contribution, we use the Blinder-Oaxaca decomposition to explain the changes in household electricity consumption in Taiwan over the period 1985-2015. We try to clarify that the change of household electricity consumption should be mainly attributed to the differences in the mean values of the predictors (endowments effect) or the differences in the contributions of the predictors (coefficients effect). We identify what are the main reasons that drive the increase of household electricity consumption. Furthermore, we also explore whether there are different decomposition results between the high-income and low-income households.
This paper takes the advantage of the Blinder-Oaxaca decomposition to detect the critical reasons for the change of household electricity use. The results highlight that demographic structure and socio-economic characteristics would have critical influence on household electricity use. The increase in household electricity consumption is mainly attributed to the changes in the coefficients effect of the determinants. In particular, the coefficients effect of household size plays the most important role. This study can provide new findings on the issue of household electricity consumption with a historical perspective. The application of decomposition technique not only allows us to distinguish the change of household electricity consumption into difference sources, but also reveals the relative importance of driving sources.
Methods and Data

Methods
We start our analysis by using the ordinary least squares regression to estimate the effects of the predictors on household electricity consumption. The ordinary least squares regression can reflect the effects of individual factors on household electricity consumption. However, it cannot describe the relative importance of these factors in contribution to the change in household electricity consumption.
Furthermore, we employ the Blinder-Oaxaca decomposition, based on linear regression and developed by Blinder [25] and Oaxaca [26] , to study what factors contribute to the differences in the outcome variable between two groups. Given the two groups from period t to s, we estimate a regression model of the form:
where g Y represents household electricity consumption of the two groups, and X is a vector of observable characteristics. β is the vector of parameter to be estimated, and ε is the error term. The mean outcome difference, denoted as D,
can be expressed as follows:
E(Y) is the expected value of the outcome variable. The contribution of group differences in predictors to the outcome difference can be represented as follows [27] :
As the group means s X and t X are used as estimates for E(X s ) and E(X t ), the expression can be written as:
where ˆs β and ˆt β are the estimated coefficients, obtained separately from the two samples. The coefficients in the sample of the period t are used as the reference in Equation (4) . If the coefficients in the sample of the period s are used as the reference, the decomposition can be expressed as another form:
The outcome difference is divided into three components. The first component is group differences in the mean values of the predictors, which can be referred as the endowments effect. For example, the distribution of household income and housing area may vary across time. The second component is differences in the coefficients of the predictors, which can be referred as the coefficients effect or marginal effect. For instance, household appliances may consume less electricity because of the improvement of energy efficiency. The third component is the interaction term that is due to the simultaneous effect of differences in endowments and coefficients, which is denoted as the interaction effect. Since this component is difficult to interpret, many researchers do not address it [28] . In this paper, we would not focus on this item either. The Blinder-Oaxaca decomposition has been widely applied in the studies of wage discrimination [25] [26] [28] , health status differences [29] , and education inequality [30] [31]. However, the Blinder-Oaxaca decomposition has not been applied to the issues of energy consumption. We extend the application of Blinder-Oaxaca decomposition to the analysis of household electricity use. This method can help us to investigate the determinants of household electricity consumption with a view of time dimension and illustrate the relative importance of driving sources.
Data
This study uses the household data which are obtained from Taiwan However, the FIES database only collects household electricity expenditure, and household electricity use is not available. Therefore, the dependent variable needs to be calculated by using electricity prices, which are based on the progressive electricity tariff system. Thus, household electricity expenditure can be transformed into household electricity use. The electricity prices data are obtained from Taiwan Power Company, which is a state-owned company. The dependent variable can be defined as total annual electricity use per household and measured in kWh. Table 1 The explanatory variables are classified into three categories: household head characteristics, household characteristics, and dwelling attributes. Household head characteristics include age, gender, and education. The age of household head is a continuous variable, which captures the life-cycle stage of a household and generation effects. Gender is represented by a dummy variable that takes value 1 for male and 0 for female. Education level is an ordinal variable, measured by the highest degree that household heads obtain. We assign scores 1, 2, 3, and 4, respectively, to the four levels: less than junior high school, junior high school, senior high school, and bachelors or graduate degree. Household characteristics include household size, the number of elderly members, the number of wage earners, and household income. Household size is defined as the number of household members. Some studies have shown that electricity consumption per capita may decline since family members can share appliances. The effect of economies of scale may exist in electricity consumption [12] [32] . The number of elderly members can represent the seniority effect on electricity use since the electricity consumption patterns may be different between order and younger generations. The elderly are defined as household members aged 65 years and older. We also consider the number of wage earners. As the number of wage earners increase, the economic ability of household would be improved. On the other hand, household with more wage earners may consume less electricity since individuals with a job spend less time at home. Another important variable to capture economic ability is household disposable income, which includes both regular and non-regular income after expenses, such as taxes, housing rent, interest and insurance payment. We transform household disposable income into a real term. Household disposable income is deflated by the consumer price index, whose base year is 2011.
Dwelling attributes contain ownership status, whether the house is used for business, the number of floors, housing area, and household appliance ownership. Ownership status is measured by dummy variable, valued at 1 if the house is owner occupied and 0 otherwise. Ownership status may influence households' incentive to invest in energy-efficient appliance and the willingness to buy appliances. We also consider that residential houses may be used for business if the member of households is self-employed. The house used for business may consume more electricity. We use a dummy variable, taking value 1 if the house is not used for business and 0 otherwise. In addition, we use dummy variables for the number of floors, which are classified into four categories: 1 floor, 2 to 3 floors, 4 to 5 floors, and more than 5 floors. The first category served as the reference category is omitted. Housing area is a continuous variable, measured by total housing area in square meters. Lastly, we also include the number of household appliances in the model. We consider the number of televisions, water heaters, air conditioners, and washing machines. The descriptive statistics for explanatory variables are reported as Table 2 . The statistics show that the age of household head, the number of elderly members, the ratio of female-headed household, and the education level of household head exhibited an upward 
Empirical Results
ble factors on household electricity consumption. We focus on the household datasets in 1985, 1995, 2005 , and 2015, which represent four time points from different decades. Table 3 household electricity use would be stronger as the number of household members decreased. As expected, household income had significantly positive effects on household electricity use. The effects of household income were significant for the four datasets and gradually decreased with time. This result was consistent with the findings of Park and Heo [33] and Huang [9] . These studies show that, as the level of income increases, income elasticity for energy becomes smaller [6] . The effect of number of elderly members is significantly negative for the 2005 dataset, whereas the effect is significantly positive for the 2015 database.
The findings are consistent with the results of previous studies, indicating that the seniority effects on electricity consumption are divergent. One the one hand, the elderly may spend more time at home and consume more electricity. On the other hand, the elderly would tend to be thrifty in electricity use due to economic experience [9] [34]. Also, the effects of number of wage earners are diverse across these datasets. The increase in the number of wage earners would improve the economic ability of households and induce the demand for electricity.
However, an individual with a job may spend less time at home and consume less electricity. Therefore, our results show that the effects of number of wage earners are significantly negative for the 1985 and 1995 datasets, while the effects are significantly positive for the 2005 and 2015 datasets. As for the effects of dwelling attributes, we find that houses used for business would consume more electricity than those houses without business use. As expected, the number of floors, housing area, and the number of household appliances have significantly positive impacts on electricity use. Among these appliances, the marginal effect of air conditioners on electricity use is greater than that of other appliances. Furthermore, the marginal effects displayed a downward trend, which may be related to technological progress in electricity-saving, such as the increased adoption of more efficient equipment and improved housing structure.
The Changes of Household Electricity Consumption
This The results show that the coefficient effect is greater than the endowments effect for each period, suggesting that the increase in household electricity consumption is mainly attributed to the changes in the coefficients effect of the determinants. For instance, since the household electricity consumption had increased 2712 kWh from 1985 to 2015, the differences in coefficients resulted in an increase of 2593 kWh, which was greater than the endowments effect (1769 kWh) and interaction effect (−1651 kWh). Even though the mean value of household electricity consumption declined slightly from 5227 kWh in 2005 to 5019 kWh in 2015, the decrease in household electricity use was still primarily driven by the coefficient effect.
We further observe the coefficients effect of these determinants. We find that the coefficient effect of household size plays the most important role, except for the period 2005-2015. The decrease of household size leads to electricity consumption per capita increases due to the loss of economies of scale. Thus, the coefficients effect of household size is significantly positive, reflecting that one additional household member may make household electricity use increase much more than before. Another important factor is the number of air conditioners. During the period 2005-2015, the number of air conditioners had the largest coefficient effect that brought about the decrease of household electricity use. In addition, other household appliances also exhibited significantly negative coefficients effects. It is obvious that, during the period 2005-2015, the decrease of electricity use was mainly induced by the differences in coefficients effects of household appliances. This result may be related to two possible reasons. One reason is that newly purchased appliances are more energy efficient. Another reason is that the additional household appliances may be non-primary use or used as supplements. Thus, the marginal effects of the increase of household appliances decline.
As for the contribution of endowments effects, the number of air conditioners is the most important factors. For each period, the endowments effects of number of air conditioners are significant and greater than that of other factors. However, the endowments effects of household income are divergent over these three segmented periods. Household income has a significantly positive endowments effect for the period 1985-1995, whereas the effects become significantly negative for the periods 1995-2005 and 2005-2015. The negative endowments effect of household income may reflect the declining trend of real household income. As shown in Table 2 , real household income had decreased from 981 thousands NT dollars in 1995 to 929 thousands NT dollars in 2015. Nevertheless, the endowments effects of household income had led to a high increase of electricity use between 1985 and 2015. As people pursue material life, it is vital to improve energy efficiency of appliances and create the incentives for investing in energy-saving equipment. Besides, it should be noted that the endowments effect of household size is significantly negative, which suggested that household electricity use would decrease as the mean value of household size declined. However, because the coefficients effect of household size is positive and the absolute value is greater than that of endowments effect. Therefore, we still can perceive that household electricity use would increase as household size continues to decline. As for the interaction effect, since it is difficult to interpret this component and the interaction effect is less than the other two effects, we would not address it in this study.
On the whole, our results reveal that the changes of household electricity consumption are driven by different factors across these three periods. During 
Analysis for the Groups of High-Income and Low-Income Households
The results of the endowments effects show that the increase of household income had induced residential demand for electricity between 1985 and 2015.
Our results are consistent with the findings of previous studies, such as Vassileva et al. [10] and Du et al. [15] . Vassileva et al. [10] indicated that household income is one of the most important factor determining household electricity use.
Du et al. [15] found that income variable has a significant impact on residential electricity consumption. Because household income is a critical determinant of household electricity use, we further explore whether there are different decomposition results between the high-income and low-income households. Due to the limited space, we focus on the change of household electricity consumption for the period 1985-2015. Table 5 reports the results of Blinder-Oaxaca decomposition for high-income and low-income households.
The results reveal that the change of household electricity use is mainly attributed to the coefficient effects both for the high-income and low-income households, indicating that the marginal effects of the determinants differ greatly over the past three decades. It is remarkable that the greatest contribution to the coefficient effects in terms of the absolute value is household size. For the high-income and low-income households, household size explains 60% (=1650.39/2767.33) and 76% (=1545.98/2043.57) of total coefficients effect, respectively. This finding is consistent with our previous results. The decrease of Notes: *, and ** represent 5% and 1% significance levels, respectively. We focus on the period 1985-2015. household size is adverse to the aim of electricity conservation no matter for high-income or low-income groups. In addition, some demographic and socioeconomic characteristics, such as the number of wage earners, household income, owner-occupied and business use variables, only exert significant effects for the high-income group but not significant for the low-income group. The results reflect the fact that the high-income group are usually related to a higher level of electricity use, and high electricity consumption would be more likely attributed to the change in the marginal effects of demographic characteristics.
As for the endowments effects, number of air conditioners and household income are the most important factors contributing to the increase of household electricity use. As shown in Table 5 , the endowments effect of number of air conditioners in the high-income group is 1613.41, which is far higher than that in the low-income group (616.55). This phenomenon reveals that the difference of electricity use between the high-income and low-income households may be originated from the number of air conditioners. In addition, better economic ability and a larger housing area also contribute to the increase of electricity use for the high-income households.
Since household size plays an important role both in the high-income and low-income groups, we further estimate the Pearson's correlation coefficients so as to observe how the relationships between household size, income and electricity use would differ across the household groups. We focus on the four subsamples, including the high-income group in 1985, the high-income group in 2015, the low-income group in 1985, and the low-income group in 2015. Table 6 shows the results of Pearson's correlation coefficients. We obtain the following results. First, as for the low-income group, the correlation coefficients between household income and household size are stronger than that in the high-income group. This result implies household size matters for household income particularly for the low-income group, because an additional family member may increase household income. Second, for the high-income and low-income groups In sum, our results indicate that the increase of household electricity consumption in Taiwan over the past three decades can be explained by two important reasons. The first reason is that the decline of household size has weakened economies of scale in electricity consumption. An additional family member induces a higher level of household electricity use than before. To some extent, the basic subsistence level of electricity consumption per capita has increased over time. The second reason is the increase of the number of air conditioners.
Because households pursue a better material life and the temperature continues to rise due to global warming, air conditioners become the necessary appliances for households. Therefore, when we make strategies for reducing electricity consumption, these two critical factors should be taken into account.
In the aspect of electricity demand-side management, it is important to make use of the pricing strategies. In Taiwan, the electricity pricing policy is based on increasing-block pricing. The electricity prices are specified into different blocks and increases with blocks according to the amount of electricity use [35] . However, in the residential sector, the charge is based on electricity use per household but not per capita. Therefore, to offer electricity-saving incentives for these households with smaller family size, the electricity pricing policy should take household size into consideration. Another important issue should be paid attention to is the increasing demand for air conditioners. Some strategies, such as enhancing energy efficiency of air conditioners, improving housing structure with better insulation, and providing the subsidy for the investment in energy-efficient appliances, should have a higher priority. Since Taiwan is highly dependent on imported energy and under the risk of insufficient power supply, it is important to understand the reasons that contribute to the increase of household electricity use. Then, it can help us to make effective strategies to reduce residential electricity consumption. size is adverse to the aim of electricity conservation no matter for high-income or low-income groups. Moreover, the correlation coefficients between household size and electricity use are greater than before. Thus, high electricity consumption would be more likely attributed to the change in the marginal effects of demographic characteristics. Therefore, with the changes of demographic structure and socio-economic characteristics, identifying the characteristics that affect household electricity consumption would be an important issue.
Conclusions
From a historical view, our results highlight that demographic structure and socio-economic characteristics would have critical influence on household electricity use. In Taiwan, as the government makes policies for reducing household electricity use, the main obstacles would be the decline of household size and the high dependency on air conditioning. Therefore, the policy implication means that the electricity pricing policy should take household size into consideration so as to offer electricity-saving incentives for these households with smaller family size. Besides, some strategies, such as enhancing energy efficiency of air conditioners, improving housing structure with better insulation, and providing the subsidy for the investment in energy-efficient appliances should have a higher priority for the policymakers.
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